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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the breakage of a 
heater or a sensor element by suppressing an excessive 
temperature rise of the heater and element, even in the case 
where the sensor element is deteriorated to increase its 
element impedance, when the element impedance is detected 
► and fed back to control power supplied to the heater. 

SOLUTION: This heater control device for an air-fuel ratio 
sensor is equipped with a feedback control means for 
controlling the power supplied to the heater for heating the 
ratio sensor based on the element impedance of the ratio 
sensor, a semivital time detection means for detecting 
semivital time of the ratio sensor, and a power limiting means 
for limiting the power feedback-controlled by the control 
means based on the semivital time detected by the detection 
means. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s j 10ws wor d which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The heater control unit of the air-fuel ratio sensor possessing a feedback control means control 
the supply voltage to the heater which heats an air-fuel ratio sensor based on the component impedance of 
an air-fuel ratio sensor, a half-activity time amount detection means detect the half-activity time amount 
of an air-fuel ratio sensor, and a power-restrictions means restrict the power by which feedback control is 
carried out with said feedback control means based on the half-activity time amount detected by said half- 
activity time amount detection means. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of tnis translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the heater control unit of an air- fuel ratio sensor. 
[0002] 

[Description of the Prior Art] In order to reconcile reduction of specific fuel consumption, and reduction 
of a harmful gas discharge in the internal combustion engine for mount, it is necessary to control broadly 
the air-fuel ratio (A/F) of the gaseous mixture which an engine burns. In order to make such Air Fuel 
Ratio Control possible, to oxygen ion conductive elements (sensor component), such as a zirconia solid 
electrolyte, an atmospheric-air lateral electrode, the air-fuel ratio sensor (an all-over-the-districts air-fuel 
ratio sensor ~) using establishing an exhaust side electrode and an exhaust side diffused-resistor object, 
considering as the body of a sensor, and the limiting current according to the oxygen density or unburnt 
gas concentration under exhaust air arising with the electrical-potential-difference impression to the body 
of a sensor it is called a linear air-fuel ratio sensor etc. — having — it is put in practical use and feedback 
control based on the output of this air-fiiel ratio sensor is performed. 

[0003] When performing feedback control of air-fuel ratio based on the output of an all-over-the-districts 
air- fuel ratio sensor, it is indispensable to maintain an oxygen ion conductive element to an active state. 
Therefore, control which heats a component using a heater and maintains a chip temperature at a fixed 
value is performed. Although it is necessary to detect a chip temperature in that case, since a component 
impedance has a chip temperature and a correlation, the need for a temperature sensor is eliminated by 
detecting a component impedance and presuming a chip temperature (for example, refer to JP,10- 
232220,A). 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, degradation of a sensor component raises the 
component impedance corresponding to the same chip temperature. Therefore, although there is no 
degradation in the output characteristics and responsibility of an air-fuel ratio sensor when the component 
has deteriorated and heater electric supply force feedback control is performed so that a component 
impedance detection value may be in agreement with a target impedance, there is a possibility that a chip 
temperature may rise and a sensor may be damaged. 

[0005] This invention is made in view of the trouble mentioned above, and in the heater control unit of the 
air- fuel ratio sensor which maintains an air- fuel ratio sensor to an active state by detecting the component 
impedance of an air- fuel ratio sensor, feeding it back, and controlling the supply voltage to a heater, the 
purpose is in controlling too much rise of the temperature of a heater and a sensor component, and 
enabling it to prevent breakage of a heater or a sensor component, even when a sensor component 
deteriorates. 
[0006] 

[Means for Solving the Problem] A feedback control means to control the supply voltage to the heater 
which heats an air- fuel ratio sensor based on the component impedance of an air- fuel ratio sensor 
according to this invention in order to attain the above-mentioned purpose, It is based on the half-activity 
time amount detected by half-activity time amount detection means to detect the half-activity time amount 
of an air- fuel ratio sensor, and said half-activity time amount detection means. The heater control unit of 
the air- fuel ratio sensor possessing a power-restrictions means to restrict the power by which feedback 
control is carried out with said feedback control means is offered. 

[0007] In the heater control unit of the air-fuel ratio sensor concerning this invention constituted like **** 
The half-activity time amount which reflects the degree of degradation of a sensor component before 
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operation of the heater elect^^^pply force control by feedback of a comp<^^ impedance is detected. 
Since the supply voltage in the case of feedback control will be restricted based on the half-activity time 
amount, Superfluous power is supplied by feedback control to the component for which the component 
impedance rose by degradation, and the temperature of a heater or a sensor component becomes possible 
[ avoiding certainly the situation of going up too much and resulting in breakage of a heater or a sensor 
component ]. 
[0008] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with 
reference to an accompanying drawing. 

[0009] First, the principle of an air-fuel ratio sensor is explained. Drawing 1 is the property Fig. showing 
the relation between an air-fuel ratio and the oxygen (02) concentration under exhaust air, and the 
relation between an air-fuel ratio and the carbon monoxide (CO) concentration under exhaust air. It is 02, 
if it is in the air- fuel ratio field by the side of Lean rather than theoretical air fuel ratio as shown in this 
drawing. While concentration changes to a linear mostly to an air-fuel ratio, if it is in the air-fuel ratio 
field by the side of rich rather than theoretical air fuel ratio, CO concentration which is a unburnt gas 
changes to a linear mostly to an air-fuel ratio. An air- fuel ratio sensor uses this relation so that it may 
mention later. 

[0010] Drawin g_2 is the sectional view showing the example of 1 configuration of an air-fuel ratio sensor. 
The air- fuel ratio sensor 10 is used in the condition of having protruded towards the interior of an internal 
combustion engine's exhaust pipe 90. The air- fuel ratio sensor 10 is divided roughly, and consists of 
covering 1 1, a body 13 of a sensor, and a heater 18. Covering 1 1 has a cross-section cup-like 
configuration, and the stoma 12 of a large number which open the inside and outside of covering for free 
passage is formed in the peripheral wall. 

the oxygen ion conductivity solid electrolyte layer 14 formed in the shape of a test tube, to the internal 
surface, the atmospheric-air lateral electrode layer 17 has fixed. Moreover, the diffused-resistor layer 15 is 
formed in the outside of the exhaust side electrode layer 16 by the plasma metal spray method etc. The 
solid electrolyte layer 14 consists of an oxygen ion conductivity oxide sintered compact which made CaO 
etc. dissolve as a stabilizer to Zr02 (zirconia component) for example, in this operation gestalt (the solid 
electrolyte layer 14 is also hereafter called a sensor component). The diffused-resistor layer 15 consists of 
heat-resistant mineral matter, such as an alumina. The exhaust side electrode layer 16 and the 
atmospheric-air lateral electrode layer 17 both consist of high noble metals of the catalytic activity of 
platinum etc., and porous chemical plating etc. is performed to the front face. 

[0012] The heater 18 is held in the atmospheric-air lateral electrode layer 17, heats the body 13 of a sensor 
and makes the zirconia component 14 activate by the exoergic energy. The heater 18 has sufficient 
exoergic capacity to activate the zirconia component 14. 

[0013] The zirconia component 14 has the property (oxygen cell property) which lets oxygen ion (02-) 
pass from a side with high concentration to a low side, when an oxygen density difference arises to 
component both ends in an elevated-temperature active state. Moreover, the zirconia component 14 has 
from cathode the property (oxygen pump characteristics) which is going to cause migration of the oxygen 
ion (02-) according to the potential difference towards an anode plate, when the potential difference is 
given to the both ends. 

[0014] As shown in drawing 2 , the fixed bias voltage made into negative polarity is impressed [ layer / 
16 / straight polarity and / exhaust side electrode ] to the body 13 of a sensor in the atmospheric-air lateral 
electrode layer 17. When an exhaust air air- fuel ratio is Lean, migration of oxygen ion (02-) takes place 
from the exhaust side electrode layer 1 6 to the atmospheric-air lateral electrode layer 1 7 with oxygen 
pump characteristics. Consequently, a current flows from the positive electrode of the source of bias 
voltage to the negative electrode of the source of bias voltage through the atmospheric -air lateral electrode 
layer 17, the solid electrolyte layer 14, and the exhaust side electrode layer 16. The magnitude of the 
current which flows at this time is equivalent to the amount of oxygen which flows into the exhaust side 
electrode layer 16 by diffusion through the diffused-resistor layer 15 out of exhaust air, if bias voltage is 
carried out more than constant value. Therefore, if the magnitude of this limiting current is detected, as an 
oxygen density can be known, as a result drawing 1 explained, the air-fuel ratio in the Lean field can be 
known. 

[0015] On the other hand, when an exhaust air air-fuel ratio is rich, an oxygen cell property tends to work, 
and this oxygen cell property tends to cause migration of oxygen ion (02-) from the atmospheric-air 
lateral electrode layer 17 to the exhaust side electrode layer 16. That is, an oxygen cell property acts on 
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bias voltage and the reverse Since it consists of air-fuel ratio sensors^^^^at the electromotive force 

by the oxygen cell property may overcome bias voltage, from the atmospheric-air lateral electrode layer 
17, it passes along the source of bias voltage, and a current flows to the exhaust side electrode layer 16. 
The magnitude of the current which flows at this time is decided by the amount of the oxygen ion (02-) to 
which the inside of the solid electrolyte layer 14 is transported from the atmospheric -air lateral electrode 
layer 17 in the exhaust side electrode layer 1 6. Since the oxygen ion is what reacts in a unburnt gas and 
the exhaust side electrode layers 16, such as a carbon monoxide which flows into the exhaust side 
electrode layer 16 by diffusion through the diffused-resistor layer 15 out of exhaust air, (combustion), the 
amount of oxygen ionic migration is equivalent to the concentration of a unburnt gas. Therefore, if the 
magnitude of this limiting current is detected, as unburnt gas concentration can be known, as a result 
drawing^ explained, the air- fuel ratio in a rich field can be known. 

[0016] Moreover, since the amount of the oxygen which flows into the exhaust side electrode layer 16, 
and a unburnt gas serves as a chemical equivalent ratio when an exhaust air air-fuel ratio is theoretical air 
fuel ratio, both burn completely by the catalysis of the exhaust side electrode layer 16. Therefore, in the 
exhaust side electrode layer 16, since oxygen is lost, the oxygen ion which should be transported with an 
oxygen cell property and oxygen pump characteristics does not arise. Consequently, when an exhaust air 
air-fuel ratio is theoretical air fuel ratio, the current which flows a circuit is not produced. 
[0017] In this way, the voltage-current (V-I) property of an air-fuel ratio sensor shows the limiting current 
according to the air-fuel ratio (A/F) of the exhaust air with which a sensor is exposed, as shown in 
drawing! - In drawmgj R> 3, the straight-line part parallel to V shaft expresses the limiting current. And 
in the Lean field and a rich field, the absolute value of the limiting current becomes large, so that an air- 
fuel ratio becomes small, if it is in a rich field so that the sense to which the limiting current flows is 
reverse, and an air-fuel ratio becomes large, if it is in the Lean field. And according to the property Fig. of 
drawing^ , if applied voltage is set as about 0.3V, a far-reaching air-fuel ratio is detectable. In addition, 
the field used as an electrical potential difference smaller than the electrical potential difference of a 
straight-line part parallel to V shaft is a resistance control region. 

[0018] Subsequently, an example of the hardware configuration of air-fuel ratio detection equipment is 
explained using d rawing 4 . This air- fuel ratio detection equipment is divided roughly, and consists of the 
air-fuel ratio sensor 10, a body drive circuit 20 of a sensor, a heater drive circuit 30, and a central 
processing unit (CPU) 40. The air- fuel ratio sensor 10 is equipped with the body 13 of a sensor, and a 
heater 1 8 as drawing 2 explained. Moreover, the heater drive circuit 30 is a circuit which receives a duty 
ratio signal and impresses the electrical potential difference of a dc-battery 32 in ON/off to a heater 18 
according to the duty ratio. Moreover, CPU40 performs fuel-injection control, ignition timing control, etc. 
as a center of an internal combustion engine's electronic control (ECU), and builds in an AID converter 
(ADC), a D/A converter (DAC), and memory. And CPU40 functions also as a heater control unit 
concerning this invention. 

[0019] The body drive circuit 20 of a sensor is divided roughly, and consists of a low pass filter (LPF) 21, 
the 1st voltage follower (voltage follower) circuit 22, a reference voltage generating circuit 25, and the 
2nd voltage follower circuit 26. LPF21 removes the high frequency component of the analog signal 
electrical potential difference outputted from CPU40. The 1st voltage follower circuit 22 is equipped with 
an operational amplifier, a resistor, diode, a transistor, etc., and maintains the potential of the 
atmospheric-air lateral electrode layer 17 of the body 13 of a sensor to the same potential as the potential 
of the output of LPF21. In addition, the potential is 3.3V at the time of air-fuel ratio detection. 
[0020] Moreover, the reference voltage generating circuit 25 pressures partially the fixed electrical 
potential difference VCC, and generates reference voltage 3.0V. The 2nd voltage follower circuit 26 has 
the same circuitry as the 1st voltage follower circuit 22, and maintains the potential of the exhaust side 
electrode layer 16 of the body 13 of a sensor to reference voltage 3.0V. Therefore, at the time of air- fuel 
ratio detection, the electrical potential difference V of 0.3V will be impressed between the two-electrodes 
layers of the body 1 3 of a sensor, and as the property Fig. of drawing 3 explained, an air-fuel ratio 
measures the limiting current and far-reaching can be detected. The resistor 23 in the 1st voltage follower 
circuit 22 functions as a current detector. Potential V0 of the sensor side edge child of a resistor 23 An 
other-end child's potential VI CPU40 is supplied. CPU40 is the analog potential V0 of the both ends of a 
resistor 23. And A/D conversion of VI is carried out, the potential difference "V1-V0" of both ends is 
computed, and the current I which makes forward the direction which flows from the 1 st voltage follower 
circuit 22 to the atmospheric-air lateral electrode layer 17 of the body 1 3 of a sensor is computed based on 
the potential difference and resistance of a resistor 23. 

[0021] It has the **** relation indicated to be the current value computed and an air-fuel ratio to drawing 
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5 so that I may be understoocWom the explanation about drawi ng 3 of poin^^. Then, CPU40 can detect 
the air-fuel ratio of exhaust air based on the detected current value, as a result can realize feedback control 
of air-fuel ratio. 

[0022] Now, in order to detect an air-fuel ratio, it is necessary to maintain the sensor component (zirconia 
component) 14 to an active state. The active state is maintained by maintaining a chip temperature at 
constant value, for example, 700-degreeC. By the way, since it has the fixed correlation as indicated to be 
a chip temperature and a component impedance to drawing 6 , in order to maintain a chip temperature at 
700-degreeC, a component impedance should just show 30 ohms. Therefore, control which maintains a 
component active state is performed by detecting a component impedance and carrying out feedback 
control of the heater drive circuit 30 based on the impedance value detected. 

[0023] However, if a sensor component deteriorates as mentioned above, the component impedance 
corresponding to the same chip temperature will rise. Therefore, although there is no degradation in the 
output characteristics and responsibility of an air-fuel ratio sensor when the component has deteriorated 
and heater electric supply force feedback control is performed so that a component impedance detection 
value may be in agreement with a target impedance, there is a possibility that a chip temperature may rise 
and a sensor may be damaged. Then, when degradation of a sensor component is judged and the 
component has deteriorated, this invention will restrict the supply voltage to a heater so that heater 
temperature and a chip temperature may not rise too much. 

[0024] Drawing_7 is a timing diagram which shows each change of the chip temperature to the elapsed 
time from ignition-switch-on, a heater energization duty ratio, and a sensor output. In this invention, in 
order to detect degradation of a sensor component, the half-activity time amount of a sensor is detected at 
the time of starting before carrying out feedback control based on a component impedance. At the time of 
starting, to a k eater > 
^iM^iSfJ^ 
temperature rise to the existence of degradation of a sensor. 

[0025] However, the half-activity temperature which is the temperature from which a sensor is activated 
and an output begins to change with the existence of degradation of a component differs. That is, the half- 
activity time amount of the time of a sensor being from the time of the ignition-switch-on which starts the 
fixed energization to a heater in a half-active state increases by degradation of a component. So, in this 
invention, half-activity time amount is detected and a upper limit is set up to the energization duty ratio at 
the time of feedback control based on the detected half-activity time amount. 

[0026] Drawing 8 is a flow chart which shows the procedure of the fixed energization heater control 
routine performed by CPU40. Moreover, drawing 9 is a map referred to during processing of the fixed 
energization heater control routine, and is drawing showing the map for asking for the duty ratio upper- 
limit correction factor K according to a half-activity time amount ratio (after-mentioned). The fixed 
energization heater control routine shown in drawing 8 is started when an ignition switch is set to ON 
(IGON). 

[0027] First, at step 102, the energization to a heater 18 is started by making duty ratio RDUTY into 95% 
of constant value. Subsequently, the current component impedance Z is measured at step 104. 
Subsequently, value Z0 currently beforehand calculated experimentally at step 106 considering measured 
Z as a component impedance corresponding to a half-active state It compares and is Z>=Z0. It is Z<Z0 
while returning to step 104 at the time, at i.e., the time before half-activity. It progresses to step 108 at the 
time, i.e., when a half-active state is reached. 

[0028] At step 108, the elapsed time from the time of an ignition switch being set to ON (IGON) is 
measured as half-activity time amount T. Subsequently, the maximum half activity time amount TO 
currently beforehand found experimentally at step 110 based on the normal sensor without degradation in 
the measured half-activity time amount T It compares. And T<=T0 At the time, i.e., when judged with 
having no component degradation, it progresses to step 114 and 1 is set to the duty ratio upper-limit 
correction factor K. 

[0029] On the other hand, it is T>T0. It progresses to step 1 12 at the time, i.e., when judged with those 
with component degradation. It is half-activity time amount ratio T/T0 by referring to the map shown in 
drawing 9 a t s t e p 1 12. The duty ratio upper-limit correction factor K to which it responded is determined. 
In addition, with the map of drawing 9 , it is T/T0. Since the degree of degradation is large, K is made into 
the small value, so that it is large. 

[0030] Duty ratio guard value RDUTYG defined on the basis of the normal sensor in the conventional 
control at step 1 16 subsequently to step 1 12 or 1 14 performed Duty ratio upper limit RDUTYmax which 
performed the operation which becomes RDUTYmax <-K*RDUTYG based on the duty ratio upper-limit 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/25/2005 



JP,2002-071633,A [DETAILED DESCRIPTION] Page 5 of 5 

correction factor K, and alsc^^^: sensor degradation into consideration It c^^miines. 
[0031] Drawin g 10 is a flow chart which shows the procedure of the component impedance feedback 
heater control routine performed by CPU40. This routine determines duty ratio RDUTY supplied to the 
heater drive circuit 30 based on a component impedance, and is performed a predetermined time period 
after sensor activation. First, the component impedance Z is measured at step 202. Subsequently, the 
component impedance Z and the target component impedance ZTGT which were measured at step 204 
Deflection ZERR It computes. 

[0032] Subsequently, proportional deltaRP [ in / at step 206 / PID action ] It asks by the operation which 
becomes deltaRP <-KP *ZERR. KP It is the gain of a proportional. Subsequently, integral term deltaRI 
[ in / by the operation which becomes deltaRI <-KI *ZERRSUM at step 208 by the operation which 
becomes ZERRSUM<-ZERRSUM+ZERR while updating the integral value ZERRSUM of deflection / 
PID action ] It computes. KJ It is the gain of an integral term. 
[0033] Subsequently, at step 210, it is deltaRD <-KD * (ZERR-ZERRO). 

Differential term deltaRD [ in / by the becoming operation / PID action ] It computes. Here, it is KD. It is 
the gain of a differential term and ZERRO is the deflection computed at the time of this last routine 
transit, subsequently step 212 - RDUTY<-RDUTY+delta RP+deltaRI+deltaRD -- an operation 
determines duty ratio RDUTY by PID action. 

[0034] Subsequently, RDUTY computed at steps 214 and 216 is the duty ratio upper limit RDUTYmax. 
Guard processing is performed so that it may be restricted to below. That is, it is RDUTY>RDUTYmax at 
step 214. When judged, it sets to step 216, and it is RDUTYmax to RDUTY. It is substituted. ZERR 
which prepared for activation of this next routine and was computed at the last step 218 this time It 
memorizes as ZERRO. 

[0035] As mentioned above, although the operation gestalt of this invention has been described, of course, 
this invention is not limited to this. For example, although this operation gestalt makes an example the so- 
called cup type of air-fuel ratio sensor and this invention is explained, this invention can be applied also to 
the so-called laminating type of air-fuel ratio sensor, and is not related to the structure of an air-fuel ratio 
sensor. 
[0036] 

[Effect of the Invention] Even if it is according to this invention when a component deteriorates in the 
heater control unit of the air- fuel ratio sensor which maintains an air- fuel ratio sensor to an active state by 
detecting the component impedance of an air- fuel ratio sensor, feeding it back, and controlling the supply 
voltage to a heater as explained above, it comes to be able to perform simply controlling too much rise of 
the temperature of a heater or a sensor component, and preventing breakage of a heater or a sensor 
component, without forming new equipment especially. 



[Translation done.] 
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30 «2fcr/^i(Riti:#ft4>^-lMb«* (co) ig^^i 
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■fe>-iM Ofi. ^JSUUT. 1 1 . ir>^ft:i 3 
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[0014] {H2td^:^^5 <fc 5 ir^^^ l 3 \C 
tt. *««iJ««Ji l 7 £rlH3i*£. #«M«ttJ| 1 6 

smmhijii 6^^^flijm^si 7— tmm^*^ 
^mmmm i 6 ^it, /^7^ii±i^i^^i 

feiiot**fliSii e^tMi-iot^At^l 
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^h^nmmmmi G—tmm^^r^ (o 2 -) <o^m^ 

J5££*vcv^fc&, ;*:fM»J«8iJI l 7^b N ^77t 

HM^iioT, smkmwiji i e^tnM&mti&o - 

«fiiJ«fiiJi l 7 a> bttSMRHMSJI i6^t &m S tts K 

st^;*-^ (o 2 -) ^tiaot^§ 0 ^cd^-t^-> 
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■ . (cpu) 4 o^e>*fig*tL5 0 ffijKJt-fe^i o#4, 

30 ?rM5t)OT$,5 0 ^/ c> t — ^J^»IhI8S3 Ofi, y=' 

^ y 3 2 (OWE-*: M 1 8 ^^-V/^-^^JtdTOP^-^ 
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ffiv a £fl CPU4 0i:M^J:5Wo^ 
5 0 CPU4 0I1 S6l^2 3<Z)H«S^7tP^Sffl:V 

0 xt/VaSrA/Daejftu »ffi^®fen m v x - 

S^^T. S l olE 7 1 p y 01^ 2 2 ^ b t y 

1 3cO^MiJlSIl 7^^«fttb^^^]^IE^i-^)m^ 
I Sr»ttJ-f S- 

[0 0 2 1] 3fe3zRco{Ej 3 »cBBi-<5RW^fea«PSixS J: 
*P#B8«S:^rbTV^5o -t-T, CPU4 0H }&£t}£ 

[0 0 2 2] £T\ ffi*8Jt*:*ai-Sfc«>^tt % -fc^-p- 
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7^^10 4 1:15-*, z<z 0 ^)^, 

[0 0 2 8] ^ry/10 8m ^^^>a >-^-T ^ 
^S^-v (IGON) <h 

fittSBTt L.Tfha"Ji-5 0 &V N -C. ^7^/1 1 or* 
tt, W-»S*tfc*JStti*IBT«r. «ft©4^]Etftty 

MTo ^It, T^To C0^#, t-ftfrib 
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■ o - ' * : v. ' • • 

[0 0 2 9] — *\ T>To ^<bt, i-ftfc*>*^*-fb 

&y knmztizktia*^ 1 2\zm^ 0 * 
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KH^$ft^l:^c^tLTv^-5o 

[0030] ^77^1 1 2X111 1 4^c:^v^r*||^T$ 
tLZXTy^l 1 6TM1 ^*cO*Jffl]^jo^TiES'ftir 
>'1^$^S2p^UT^^6bHTV^-57 ^ ^— 7>f Jt^/— KM 
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^T^//2 1 2T*fi. 
DUTY > R duty+ ARp + ARi +ARd 

[0 0 3 4] ftv^ *7 L y*?2 1 4&t>*2 1 6 Tfi, 

*Ty72 1 4 T'R DUTY >R DUTYmax 
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[0 6] ^^<h*^>-t: 0 -^^^i(7j^^^ 
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